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STATIC STABILITY CHARACTERISTICS OF THE 
SPACE SHUTTLE EXTERNAL TANK (MSFC MODEL 458) 
DURING REENTRY IN THE MSFC 14- INCH TWT 
(TA1F) 


Paul E. Ramsey*, Michael K. Robertson** and Gary W. Winkler** 


ABSTRACT 



This report documents data obtained in a wind tunnel test of a 0.003- 
scale modified MCR 0200 Space Shuttle External Tank (ET) model, MSFC 
Model 458, tested at reentry conditions in the MSFC 14-inch frisonic 
Wind Tunnel (TWT) . This test is a continuation of a series of tests 'I 

conducted to evaluate the aerodynamic characteristics of the ET during 
reentry. The test started on February 19, 1974, and was completed on 

Jr 

March 5, 1974. Three Mach numbers were investigated: 1.96, 3.48, and 

4.96. The angle-of-attack range was -10° to 190°. Eight roll positions 
of tne model from 0° to 315° were tested. The run schedule consisted 
of 162 runs. No. 120 grit was applied randomly over the model through- 
out the test. 
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NOMENCLATURE 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

UNITS 



base area; cross-sectional area of 
the cylindrical section of the model 

in 2 

\- 


cavity area, area of the opening 
required for the balance and sting 

in 2 

BMC 

BMC 

Balance Moment Center 


b ref 

BREF 

reference span (diameter of the 
cylindrical section of the model) 

in. 

'"body 


length of the body 

in. 

v ref 

LREF 

reference length (diameter of the 
cylindrical section of the model) 

in. 

M 

MACH 

Mach number 


MRP 

MRP 

Moment Reference Point (located by 
XMRP , YMRP, and ZMRP) 


p bi 


base pressures 

psi 

p c 


free stream total pressure 

psi 

f\. 


free stream static pressure 

psi 

q.„ 


free stream dynamic pressure 

psi 

k n 


Reynolds number based on 


%/ft 

RN/L 

Reynolds number per unit length 

per ft 

S ref 

SREF 

reference area (cross sectional area 
of the cylindrical section of the 
model) 

in . 2 

T t 


tunnel total temperature 

°F 

( W 

CPC 

pressure coefficient of balance cavity 
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SYMBOL 


PLOT 

SYMBOL 


DEFINITION 


UNITS 


X,Y,Z 


XMRP, XMRP, 
YMRP, YMRP, 
ZMRP ZMRP 

gu, ALPHA 


body axes system coordinates (for an 
airplane, the X, Z-plane is the plane 
of symmetry, the origin of the axes 
system is the ce^'er of gravity or 
any other convenient point, and the 
X axis is the airplane longitudinal 
axis) 

distance of center of gravity from 
nose of body 

missile axes (see text) 

Abbreviations for the location of the 
Moment Reference Point in the missile 
axis system 

angle-of -attack, angle between the 
X^-axis and a vector in the direction 
of the relative wind 

roll angle, i.e-, angle between the 
missile Y ffi -axis and the body Y— axis 
(from a pilot f s viewpoint in an air- 
plane, a positive roll angle is a 
clockwise rotation). 

total axial force coefficient in the 
body ixis system 

base axial force coefficient (same in 
both missile and body axis systems) 

forebody axial force coefficient, 

C A * c Ab 

total axial force coefficient in the 
missile axis system, F^/q^ $ ref 

rolling moment coefficient in the body 
axis system 

rolling moment coefficient in the 
missile axis system, S ref 


degrees 


degrees 


CBL 






SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

UNITS 

C m 

cut 

pitching raoment coefficient in the 
body axis system 



CLMM 

pitching moment coefficient in the 
missile axis system. My /q S ref 

l re£ 


C N 

CN 

normal force coefficient in the 
body axis system 


C Nm 

CNM 

normal force coefficient in the 
missile axis system, S ref 


C n 

CYN 

yawing moment coefficient in the 
body axis system 


Cn m 

CYNM 

yawing moment coefficient in the missile 
axis system, Mg^/q^ S ref £ ref 


c P bi 

c Y 

CY 

base pressure coefficient: P bl 

V 

side force coefficient in the body axis 
system 


% 

CYM 

side force coefficient in the missile 
axis system, Fy^/q^ S ref 


x cp A 

XCP/L 

center of pressure location in fraction 
of body length from nose; 




x c.g. c TOm I *xef 

£ body c Nm • ^body 


F Ym 

SF 

side force in the missile axis system, 
positive in the positive direction of 

lb 

F Am 

AF 

total axial force in the missile axis 
system, positive in the negative 
direction of ^ 

lb 

F Nm 

NF 

nons^l force in the missile axis system, 
positive in the negative direction of 

lb 



INTRODUCTION 


The wind tunnel test described herein is a continuation of a series 
of tests conducted to evaluate the aerodynamic characteristics of the 
Space Shuttle External Tank (ET) during reentry* 

The basic configuration of the model is a 0. 003-scale representation 
of the ET with fuel Lines, forward and aft SRB and Orbiter attach hard- 
ware, and including the ET/Orbiter rectangular crossbar attach structure. 
The model was designated MSFC no. 458. 

Three Mnch numbers were investigated : 1.96, 3.48, and 4.96. The 

angle-of-attack range was —10° to 190°. The model was tested at eight 
roll positions from 0 to 315 degrees. The run schedule consisted of 162 
runs . 

MSFC balance 7/237 was used to obtain six- component force and moment 

data. 

MODEL DESCRIPTION ANi> TEST HARDWARE 

The model tested was MSFC number 458, a 0,003-scale representation 
of the 324-inch diameter MCR 0200 Space Shuttle External Tank, With one 
exception, all of the model parts were made according to the configu- 
ration specified by Rockwell drawing VL78-000041 M B" . The exception was 
a rectangular crossbar which was added to the aft orbiter /ET attach 
structure according to Martin Marietta memo SA-A-74-9. The general 
arrangement of the model is shown in the 3-view drawing. Figure 2. 

The model had a frontal area at 0° angle-of-attack of approximately 
0.742 square inch, roughly 1% tunnel blockage at M - 5.0. However, at 
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a = 90°, the frontal area was approximately 5.1 square inches, or 6.8% 
blockage. The offset sting used at the a's close to 90° brought the 
blockage up to about 9% for the worst case. The model was designed so 
that the balance center was always located close to the centerline of the 
tunnel 

Model 458 actually consisted of :wo tank models, one with protuber- 
ances (fuel lines, orbiter attach structures, etc.) and one without. The 
model with protuberances was tested at angles-of-attack from -10° to 190° 
by using both straight and offset stings. For testing at a T s from -10° 
to 90 , the model was tail mounted. The straight sting. Figure 3, was 
used for ct f s from -10° to 30°; and for a f s from 50° to 100°, the offset 
sting. Figure 4, was used. For the a range from 80° to 190°, the model 
was reversed and nose mounted. The offset sting. Figure 4, was used for 
<* f s from 80 to 130 ; and the straight sting. Figure 3, was used for o f s 

from 130 to 190 . The model was tested at eight different roll positions. 

The "clean-' model (without protuberances) was tested from 50° to 100° 
only. Figure 7. 

MSFC balance #237 was mounted inside the external tank, on the ET 
centerline. Installation photographs presented in Figures 3 through 7 
show the five arrangements of tank and supporting hardware. The dimen- 
sions of each of the model parts are presented in Table I, Model Component 

Dimensions. 

Model stations are sometimes used to describe the x, y, and z axes 
location of various components of the model. When used, these stations 
will be given in inches model scale, and the zero reference points will 






T 
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be same as shown in Rockwell drawing VL72-000088 !, D". 




In an attempt to minimize Reynolds number effects, #120 grit was 
applied randomly over the model throughout the test. 

CONFIGURATIONS INVESTIGATED 


The two tank configurations investigated are identified below. 

i’l NCR 0200 configuration modified to include a 
rectangular crossbar as part of the aft ET/ 

Orbiter attach structure. It consisted of the 
following Rockwell-numbered model components: 

T 12 AT 5 AT 6 AT 7 at 8 AT 9 pt 1 PT 2 PT 3 fl 1 fl 2 
and 

^2 “Clean" MCR 0200 ET configuration, equivalent 
to Rockwell component t 12 

Brief descriptions of each component are presented below. Refer 

to the Model Component Dimensions, Table I, for dimensional data. 

T 12 Baseline 324-inch diameter external oxygen 
hydrogen tank without protuberances 

AT 5 Forward orbiter/ET attach structure 

a ^6 heft rear orbiter/ET attach structure 

AT? Right rear orbiter/ET attach structure 

ATg Forward SRB/ET attach structure 

Alg Aft SRB/ET attach structure 

PT^ L0X vent line fairing 

PT 2 LOX feed line 

PT^ LH 2 feed line 





tf. „ r ^^iSZ}^»^Pi 
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FLj LOX feed line 

FL2 LH2 feed line 

FRf, Rectangular crossbar at aft orb iter /ET attach structure 

TEST PROGRAM 

The Mach numbers for which data were obtained are 1.96, 3.48, and 
4.96. Table TI presents the nominal test conditions for each Mach number. 
The full range of obtainable angles-of -attack is -10° to 190°. Angle-of- 
attack nomenclature is presented in Table III. Models at roll angles of 
0°, 45°, 90°, 135°, 180°, 225°, 270°, and 315° were investigated. The 
run schedule is presented in Table IV. 

DATA REDUCTION AND PRESENTATION 

Six-component force and moment data were measured using MSEC strain- 
gage balance #237 mounted inside the external tank. These data were re- 
solved in the missile axis system and are presented as non-dimens ional- 
ized coefficients. An axis system diagram showing sign conventions is 
shown in Figure 1. The reference dimensions used for data reduction are 
presented in Table V. The Moment Reference Point (MRP) was taken to be 
the KT's dry weight center of gravity at station X T = 1395.4 inches full 
scale. This put the MRP 3.259 inches from the model's nose, on the tank 
centerline. The transfer distances from the balance moment center to tne 
MRP for the various model arrangements are shown in Table VI. Tunnel 
conditions are listed in Table 11. No base or cavity pressure measure- 
ments were made; therefore, no base drag corrections were made to the 








axial force data. All data were corrected for weight tares and sting 
deflections. 

Schlieren photographs were made to check interference of any shocks 
reflected off tunnel walls or for separation of the tunnel boundary layer. 
No significant condition of reflected shocks off tunnel walls or sepa- 
ration of tunnel boundary layer was encountered during the test. 
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TABLE I 


MODEL COMPONENT DIMENSIONS 


MODEL COMPONENT : EXTERNAL TANK - Tli 


GENERAL DESCRIPTION: EXTERNAL OXYGEN - HYDROGEN TANK WITH 


MODEL SCALE: 


REFERENCE DRAWING: VL 73-000041 B 


THEORETICAL 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 


Length IN. (NOSE & X T =309) 
Max. Width , IN. (DIA.) 


5.595 

0.972 


Max. Depth 
Fineness Ratio 


5.756 


5.756 


Max. Cross-Sectional 


572.555 FT 


0.742 IN 


Planform 

Wetted 


572.555 


0.742 IN 


WL OF TANK CENTERLINE, IN. 


1.200 


15 




j 


m-v- 
1 






Table x Conti Rued 


MODEL COMPONENT: 

ATTACH STRUCTURE - AT^ 

GENERAL DESCRIPTION: 

FORWARD ORBITER/ET ATTACH STRUCTURE 

(2 MEMBERS) 



MODEL SCALE =0.003 

MODEL SCALE: 

REFERENCE DRAWING: 

VL72-000088D 


takh; stktvoh 
0 


LONOITUDlNAU 

tank station 
3,397 


i 

1 

i 

\ 

i 



tJ 
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Table I Continued 


MODEL COMPONENT: ATTACH STRUCTURE - ATc 


GENERAL DESCRIPTION: LEFT REAR ORBITER/ET ATTACH STRUCTURE [2 MEMBERS! 






Table i Continued 

I 


MODEL COMPONENT: ATTACH STRUCTURE - AT g 

GENERAL DESCRIPTION: FORWARD SRB/ET ATTACH STRUCTURE t'ET PORTION TESTED QNLYl 


MODEL SCALE: 0.003 


REFERENCE DRAWING: VL77-000051A 




0 . 04-0 



— 0.4 

iAT£«AL 
TANK STATION 


0.411 



— i.Z o 
VERT"lCAi. 
TANK STATlOH 

5 


2-S4I 

UOKiOtTOOlNKL 
TANK STATION 
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Table I Continued 


MODEL COMPONENT: ATTACH STRUCTURE - ATq 

GENERAL DESCRIPTION: AFT SRB/ET ATTACH STRUCTURE (3 MEMBERS) (ET PORTION TESTE D 

ONLY) 


MODEL SCALE: 0.003 


REFERENCE DRAWING: VL72-000106 
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Table I Continued 


MODEL COMPONENT: LOX VENT LIIC FAIRING - PT? 

GENERAL DESCRIPTION: VENT LINE ALONG U*PER right side qf et 0GIyE wqse 
BEGINNING AT MODEL STATIONS Xt = 0.927, Yt = 0, MO Z T = 1,2; TERMINATING AT 
X T = 2.841, Y T = 0.162, Z T = 1.658 


MODEL SCALE: 0.003 


REFERENCE DRAWING: VL78-00G031A 


DIMENSIONS : 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 


THEORETICAL 

FULL-SCALE MODEL SCALE 

638 1.914 

17.7 0.053 

9.3 0.028 


Base 

Radial Position 


19 1/2° 


19 1/2° 



REFERENCE DRAWING: VL78-00Q031A 


DIMENSIONS: 


Length 

Max. Width 

Max. Height 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Plan-form 

Wetted 

Base 

Radial Position 


THEORETICAL 

FULL-SCALE MODEL SCALE 


1092 


30-7 


_2S_ 


3.275 


QMZ 


Q.Q84 


231/2 * 


23 1/2° 
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Table i Continued 


MODEL COMPONENT: LH FEED LINE - PT, 

GENERAL DESCRIPTION: _LONMIU^IMLJUEL ■ LINE ALONG UPPER LEFT SIDE OF FT 

BEGINNING AT MODEL ST ATIONS X T * 2.841. Q.275. AND ? T = 1 .601 

TERMINATING AT STATIONS X-j. = 6.116. ¥ T = 0.275 r AND Zj = U&Q1 


MODEL SCALE: o.rm 

REFERENCE DRAWING: VL78-000031A 


DIMENSIONS: 


THEORETICAL 

FULL-SCALE MODEL SCALE 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planfom 

Wetted 

Base 

Radial Position 


1092 3.275 

25.7 0.077 

14.7 0.044 


-33° -33° 


ttcm -a ,-.sssv ■ 
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Table i Continued 


MODEL COMPONENT: LH FEED LINE - PT, 

GENERAL DESCRIPTION: _LONMIU^IMLJUEL ■ LINE ALONG UPPER LEFT SIDE OF FT 

BEGINNING AT MODEL ST ATIONS X T * 2.841. Q.275. AND ? T = 1 .601 

TERMINATING AT STATIONS X-j. = 6.116. ¥ T = 0.275 r AND Zj = U&Q1 


MODEL SCALE: o.rm 

REFERENCE DRAWING: VL78-000031A 


DIMENSIONS: 


THEORETICAL 

FULL-SCALE MODEL SCALE 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planfom 

Wetted 

Base 

Radial Position 


1092 3.275 

25.7 0.077 

14.7 0.044 


-33° -33° 


ttcm -a ,-.sssv ■ 
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Table T Continued 


MODEL COMPONENT: U>X FEED LINE - FLj 

GENERAL DESCRIPTION: 18_-INCH DIAMETER VERTICAL. FUEL LINE AT AFT END OF FT m 

RIGHT 


MODEL SCALE: Q.QQ3 


REFERENCE DRAWING: VL78-QQ0Q5fl 


LATERAL 
TANK STATION 

-0.2.10 


LQH&lTUDlHM. 

tank, station 
fc/2-34- 



VE RTlCAL 
TANK STATlort 
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Table I. Continued 


MODEL COMPONENT: LH 0 FEED LINE - FL. 


GENERAL DESCRIPTION: 18-INCH DIAMETER VERTICAL FUEL LINE AT AFT END OF ST 

ON LEFT 


MODEL SCALE: 0.003 


REFERENCE DRAWING: VL78-000050 


LATERAL 
TM^K. STAT16H 
©. 2J0 




LONSiTOO\NAL 
TANK STATION 
fc.2.34- 


0.054- DtAMiJT 


r 1,803 

: VERTICAL 
TANK STATION 4 





TABLE I. Continued 


MODEL COMPONENT: ATTACH STRUCTURE - FR fi 

GENERAL DESCRIPTION: AFT ET/ORBITER CROSS FOffiER (CROSS SECTION 11 IN. x 15 IN .) 

LOCATED AT FT-STATTON 7050.5 


MODEL SCALE: 0-003 

REFERENCE DRAWING: FIGURE 3, MARTIN MARIETTA MEMO SA-A-74-9 


LATERAL 
TANK STATION 
0 


0.O4-S 


T 


n 

I I 
i i 

AE 


ft 


1 1 
• i 



(LOMStTUDt MAC 
| TANK. STATION 

b.\$z 


0.033 


iy 


/ 




iPr^: 


IJ 


U 
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~h 
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— 1.772 

VERTICAL. 
TANK STATION 
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TEST RUN NUMBERS 
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TABLE V. 0.0Q3-SCALE 324- INCH ET REFERENCE DIMENSIONS 
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MODEL ARRANGEMENT 








Figure 1. - Body and Missile Axis Systems 




Figure 2. GENERAL ARRANGEMENT OF MSFt MODEL NO. 458, CONFIGURATION T 
EXTERNAL TANK WITH PROTUBERANCES 







FIGURE 4. EXTERNAL TANK MODEL NO. 458 AT 
STING COMBINATION KK, NOSE UP 
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FIGURE 6. EXTERNAL TANK MODEL NO. 458 AT *|> = 225 
STING COMBINATION CC, NOSE AFT 
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